Introduction
Quality of tissue preservation and fi xation is an important issue in biomedical research. Although widely applied, the process of tissue fi xation and impregnation is poorly understood. Numerous studies have demonstrated that tissue handling and processing affects the quality of tissue morphology, proteins, and nucleic acids.impacting many assays. Thus, a number of alternative fixatives have been developed and applied to histological and molecular diagnostics with the aim of replacing NBF. [7] [8] [9] [10] [11] [12] [13] [14] Formalin fixation is achieved by crosslinking of proteins and nucleic acids via forming methylene bridges between reactive groups, 15, 16 whereas alcohol-based fixatives produce coagulated proteinaceous substances through the removal of water from proteins. 17 In addition, excessive shrinkage and microscopic distortion have been reported in longterm alcohol-based fixative preservation. 18 To overcome the disadvantages of alcohol-based fixatives, previous studies have proposed additives to the fixative mixture and demonstrated improved quality in histological and molecular analyses. 11, 12, 19, 20 Recently, we described a buffered ethanol (BE70) fixative, which improves biomolecular preservation and has a histomorphological similarity to NBF fixative. 6 The development of BE70 came about during studies on the contribution of buffers and methanol to NBF. We pursued the development of BE70 to address the shortcomings identified with other fixatives, most notably, high acid content, flammability, tissue hardening, complex application, and cost.
It is well known that the solutions used and fixation times impact on biomolecule quality, despite adequate histomorphology. Under-and overfixation are known to result in specimens that perform poorly on immunohistochemical assays 21, 22 and have poor RNA quality. 3 Many studies have previously reported inconsistent results on the length of overfixation, [23] [24] [25] while minimum fixation time is poorly understood. 26, 27 Previous studies by this group 28 did not previously identify fixation duration as a primary factor in antigen degradation; however, the authors were not able to prevent degradation, such that its contribution may be secondary. Thus, the optimization and/or examination of the fixation period is a fundamental factor in creating new fixatives for use in research and clinical environments.
In the present study, we expanded our previous analysis of the effects of fixation time comparing the most common aldehyde-based crosslinking fixative, NBF, 3 with two coagulative fixatives, based on ethanol: BE70 and 70% ethanol. This provides a baseline comparison of crosslinking and coagulative fixatives. We evaluated fixation times from 4 hr to 6 months with respect to histomorphology, immunohistochemistry, Western blotting and protein array, RNA extraction yield and integrity, and DNA quantity and quality.
Materials and Methods

Specimens and Fixation
We acquired 8-week-old female Balb/c mice from the Small Animals Section, Veterinary Resources Branch, National Institutes of Health (NIH). They were housed and euthanized in accordance with NIH guidelines for the care and use of laboratory animals. The tissues were collected within 5 min of euthanasia. The livers, kidneys, and spleens were each cut into three equal pieces and were fixed in one of the three different fixatives (70% ethanol, BE70, or 10% NBF) for varying fixation times (4 hr, 12 hr, 1 day, 1 week, 1 month, 3 months, and 6 months). Mouse kidneys and spleens were fixed as whole organs. Liver was dissected to a 2-to 3-mm thickness before fixation. In addition, we used fixative volume at least 25-30 times greater than the tissue volume. After fixation, the tissues were rinsed in 70% alcohol, processed overnight in a standard processing machine with a 30 min/station protocol 3 (Leica ASP300; Leica Biosystems Inc., Buffalo Grove, IL), and embedded in paraffin as described previously. 6 After paraffin embedding, the blocks were stored at room temperature.
Histochemical and Immunohistochemical Assessments
Four 1.5-mm-diameter tissue cores were obtained from differently fixed specimens of each tissue and were assembled into a tissue array in a single paraffin block using a manual tissue arrayer (Pathology Device, Westminster, MD). Hematoxylin and eosin (H&E) staining was performed according to standard protocol in the Leica Auto Stainer XL (Leica Biosystems Inc.).
Immunohistochemistry was performed on 5-µm-thick tissue microarray (TMA) sections as previously described. 6 Briefly, TMA sections were deparaffinized and rehydrated through xylenes and decreasing alcohol gradient. Slides were incubated for 10 min in 3% H 2 O 2 to block for endogenous peroxidase. The slides were incubated at room temperature with antibodies against aquaporin 1 (AQP1), Histone H3, and Ki-67. The detailed immunohistochemistry conditions are described in Table  1 . The antigen-antibody reaction was detected with DAKO Envision+ peroxidase kit and visualized with 3,3′-diaminobenzidine (Dako, Carpinteria, CA). Then, the slides were lightly counterstained with hematoxylin, dehydrated in serial ethanols, cleared in xylene, and coverslipped. Negative controls (IgG and omission of primary antibody) were concurrently performed. Positive controls included human colon, spleen, and kidney for Histone H3, Ki-67 and AQP1, respectively.
The stained sections were digitized utilizing the NanoZoomer 2.0 HT (Hamamatsu Photonics K.K., Hamamatsu, Japan) at 40× objective magnification (0.23 µm/pixels resolution). The quantification of digital pathology was accomplished using Visiopharm image analysis software (Visiopharm, Hørsholm, Denmark). An algorithm for quantifying cytoplasmic stain intensity was developed and utilized for quantitative measures. The staining intensity of AQP1 and Histone H3 was categorized as 0 (none), 1+ (weak), 2+ (moderate), and 3+ (strong), and the final score was calculated by multiplying the intensity and percentage of staining (possible range, 0-300). The Ki-67 expressional signal was evaluated by the percentage of labeled cells. The relative AQP1 and Ki-67 expressional signals for each entity were normalized to BE70-fixed tissue at 1 day of fixation (1.00). We also interpreted AQP1 manually in a semiquantitative manner, using the intensity plus proportion modified from the Allred scoring system 29 in breast cancer. The intensity was graded as negative, 0; weak, 1; intermediate, 2; or strong, 3. The proportion was categorized as 0, no positive cells; 1, 0% to <10% positive cells; 2, 10% to less than 33% positive cells; 3, 33% to less than 67%; and 4, 67%-100%.
Protein Extraction and Western Blotting
Protein extraction from differently fixed and paraffin embedded tissues was performed as described previously. 6, 30 Protein extraction yield was determined using a BCA Protein Assay kit (Pierce Biotechnology, Rockford, IL).
For Western blotting, 20-µg protein/lane was resolved by 4%-12% NuPAGE Novex Bis-Tris polyacrylamide gel electrophoresis, and electroblotted onto a nitrocellulose membrane using the iBlot dry blotting system (Invitrogen, Carlsbad, CA). The membranes were blocked with 5% nonfat dry milk in TBST (50-mM Tris, pH 7.5, 150-mM NaCl, and 0.05% Tween-20) for 1 hr, washed, and incubated overnight at 4°C in TBST with rabbit anti-AKT polyclonal antibody (cat no. 9272; dilution 1:1000; Cell signaling, Denver, MA) and mouse anti-GAPDH monoclonal antibody (clone no. 6C5; dilution 1:3000; Calbiochem, Gibbstown, NJ). An immunoreactive band was developed using the SuperSignal Chemiluminescence Kit (Pierce Biotechnology), and the signals were detected using Kodak Biomax MR X-ray film (Kodak, Rochester, NY). The intensity of the Western blot signals was quantified using ImageQuant version 5.2 (Molecular Dynamics, Sunnyvale, CA).
To further evaluate the protein quality of the fixed tissues, we performed well-based reverse-phase protein array (RPPA), as described previously. 28, 30 Protein lysates (2 µg/well) of the fixative tissues were immobilized on MSD Multi-Spot plates (MA2400 96 HB Plate; Meso Scale Diagnostics, Gaithersburg, MD), the plate was allowed to dry at room temperature for 90 min, and the plates were subsequently further incubated for 30 min at 37°C. The antigen-coated plates were blocked with 3% nonfat dry milk in PBST (3.2-mM Na 2 HPO 4 , 0.5-mM KH 2 PO 4 , 1.3-mM KCl, 135-mM NaCl, 0.05% Tween-20, and pH 7.4) for 1 hr, washed, and incubated overnight at 4C in PBST with rabbit anti-AKT polyclonal antibody (cat no. 9272; dilution 1:500; Cell signaling) and mouse anti-GAPDH monoclonal antibody (clone no. 6C5; dilution 1:2000; Calbiochem). After being washed with PBST, the plates were incubated for 90 min with goat anti-rabbit or antimouse SULFO-TAG antibodies at a dilution 1:2000 (0.5 µg/mL, Meso Scale Diagnostics). The electrochemiluminescence signals were detected using MSD-T read buffer on the MSD Sector Imager 2400 (Meso Scale Diagnostics). BSA-coated wells were included on each plate as a control for nonspecific binding effects.
RNA Quantity and Quality
Total RNA was extracted from two 1-mm tissue cores as described previously. 6, 31 RNA extraction yield was assessed using the NanoDrop ND-1000 UV spectrophotometer (NanoDrop Technologies, Wilmington, Abbreviations: AQP1, aquaporin 1; RT, room temperature.
DE). In addition, RNA quality was evaluated using the Agilent 2100 bioanalyzer (Agilent Technologies, Palo Alto, CA) with the RNA 6000 LabChip kit (Agilent Technologies). We also measured RNA integrity with the paraffin-embedded RNA metric (PERM) number, which is a metric for FFPE (formalin-fixed paraffinembedded)-derived RNA quality.
32,33
The extracted RNA was treated with 2-μl TURBO DNase buffer, 4 units of TURBO DNase (Invitrogen), and 40 units of RNase inhibitor (Promega, Madison, WI) in a 100-μl reaction volume to remove possible contaminating genomic DNA. The mixture was incubated at 37C for 30 min and was purified by phenol/ chloroform extraction.
Approximately 4-μg DNase-treated RNA was transcribed into complementary DNA (cDNA) by reverse transcriptase using the SuperScript-II RT kit (Invitrogen) according to the manufacturer's recommended protocol. All samples were reverse transcribed under the same conditions. The synthesized cDNA was stored at −20°C and used in quantitative real-time PCR reactions as a template. We performed quantitative real-time PCR using the TaqMan Gene Expression reagent (Applied Biosystems, Foster City, CA). Briefly, quantitative real-time PCR was performed with 1-and 2-μg cDNA for housekeeping genes (beta-actin, ACTB) and insulin-like growth factor 1 (IGF1), respectively. We examined the cycle threshold (Ct) values for ACTB and IGF1 genes to assess RNA integrity in triplicate.
DNA Quantity and Quality
DNA extraction from differently fixed and paraffinembedded tissues was performed as described previously. 6, 33 Briefly, DNA was extracted from two 1-mm tissue cores using the QIAamp DNA FFPE Tissue kit (Qiagen, Valencia, CA) according to the manufacturer's instructions. DNA extraction yield was assessed using the NanoDrop ND-1000 UV spectrophotometer (NanoDrop Technologies), and DNA quality was evaluated by amplified DNA amounts using a Bioscore Screening and Amplification kit (Enzo Life Sciences, Farmingdale, NY), as previously reported.
33,34
Statistical Analysis
All the data were processed and analyzed using Microsoft Excel version 2016 (Redmond, WA) and SPSS version 21.0 (SPSS Inc., Chicago, IL). Statistical differences were tested using ANOVA and the Student's t-test. The Mann-Whitney U-test was used to evaluate RNA integrity for each fixative condition. Values of p<0.05 were considered statistically significant.
Results
Histomorphologies in Different Fixative Conditions
As was found in our previous study, 6 the histomorphological features of BE70 fixative-fixed paraffin-embedded tissue with H&E staining are similar to those of 70% ethanol-fixed tissue but slightly different from NBF-fixed tissue. We performed H&E staining using both BE70-and NBF-fixed tissue specimens and compared their histological features according to fixation time (Fig. 1) . A notable change in NBF was that the intensity of the H&E staining began to weaken at 1 week of fixation and gradually decreased to 6 months of fixation, showing a characteristic loss of eosinophilic staining in the cytoplasm. In addition, the contours of the cellular and nuclear membranes became blurred and the chromatin became hazy. Although the histomorphology of the liver is not identical to that of NBF at the original reference time point of 24 hr fixation, 5 the staining intensity of hematoxylin or eosin of BE70-fixed tissue was not altered by fixation time.
Evaluation of Antigenicity in Different Fixative Conditions
Next, we assessed the quality of immunohistochemistry in both BE70-and NBF-fixed paraffin-embedded tissue. In this study, we performed immunohistochemistry for AQP1, Histone H3, and Ki-67 on BE70-fixed and NBF-fixed paraffin-embedded sections of normal mouse kidney and spleen tissue, respectively. Representative immunohistochemical stains of AQP1, Histone H3, and Ki-67 are shown in Figs. 2A and 3A and Supplementary Fig. S1A , respectively. AQP1 staining was observed in the proximal tubule and the glomeruli of the kidney. The immunostaining condition was optimized for 24 hr of fixation based on our prior studies, 6 where BE70-fixed specimens showed stronger immunoreactivity than NBF-fixed specimens. In detail, the histoscore of 1-day-old BE70-fixed tissue (mean: 266.25 ± 20.516) was significantly higher than that of 1-day-old NBF-fixed tissues (mean: 169.75 ± 40.086, p=0.009; Fig. 2B ). The AQP1 immunostaining pattern is relatively well maintained from 4 hr to 3 months in BE70 fixative, except for a modest decrease in intensity at 6 months (mean: 181.75 ± 20.097, p=0.048). Meanwhile, the intensity and proportion of the immunoreactivity of AQP1 decreased according to fixation time in NBF-fixed tissue section. In addition, the results showed a similar pattern in manual scoring. BE70 was scored constantly as 7 from 4 hr to 3 months, whereas the NBF fixative gradually decreased as time passed, scoring 7 at 4 hr, 6 at 12 hr and 1 day, 5 at 1 week, and 3 at 1 month, and finally at 6 months, the fixation was scored 0.
The Histone H3 immunostaining pattern in tissue is relatively well preserved from 4 hr (mean: 287.73 ± 8.010) to 6 months (mean: 294.78 ± 1.246) in BE70 fixative (Fig. 3B) , whereas the histoscores of 1-day-old NBF-fixed tissue (mean: 289.12 ± 3.203) were significantly higher than those of 1-month-old (mean: 245.10 ± 26.982, p<0.001), 3-month-old (mean: 167.51 ± 17.562, p<0.001), and 6-month-old (mean: 142.34 ± 51.793, p<0.001) NBF-fixed tissues (Fig. 3A) . In addition, the immunoreactivity of Ki-67 was detected in the proliferating lymphocytes of spleen ( Supplementary  Fig. S1A ). The pattern of immunostaining for Ki-67 according to fixatives and fixation times was similar to those found in AQP1 (Supplementary Fig. S1 ). These data suggest that the antigenicity of AQP1, Histone H3, and Ki-67 antigens is better preserved for prolonged fixation times in BE70 fixative, in contrast to the degradation observed with NBF fixation.
Protein Quantity and Quality After Long-Term Storage Under Different Fixative Conditions
Mouse liver tissues were fixed in 70% ethanol, BE70, or NBF for various time periods. After paraffin embedding, we extracted protein from the mouse liver tissue cores fixed in the three different fixatives to determine the impact of fixative and storage period on quantity. . On the other hand, the protein quantity of 1-day NBF-fixed tissue was the greatest (mean: 4.97 ± 0.245 μg/mm 3 ) among the tested fixation times; there was also a significant decrease in 3-(mean: 1.92 ± 0.136 μg/mm 3 ) and 6-month (mean: 1.24 ± 0.112 μg/mm 3 ) storage (Fig. 4A) .
Next, we assessed the integrity of the protein extracted from tissue cores stored from 4 hr to 6 months in 70% ethanol, BE70, and NBF fixatives using Western blot assay. AKT and GAPDH expression were detectable at all storage times in 70% ethanol and BE70, whereas both signals disappeared from 1 week to 6 months for tissues stored in NBF (Fig. 4B and C) . AKT expression had the highest signal at 1 day storage in all three fixatives. As shown in Fig. 4B , the AKT signal was stronger in BE70 (1.64-fold increase, p<0.01) and 70% ethanol (0.9-fold increase, p<0.01) than in NBF (Fig. 4B ). In addition, we found that GAPDH was better preserved in 70% ethanol-and BE70-fixed tissue than in NBF-fixed tissue. In detail, the intensity of the GAPDH band decreased according to fixation time in all three fixatives, while the GAPDH signal in the NBF-fixed tissue was only detected until 1 day of fixation, among tested times (Fig. 4C) .
Because the results of the Western blot data were not in agreement with the immunohistochemical assays, with reference to degradation, we further evaluated the immunoreactivity of the proteins using a wellbased RPPA. As described in previous studies, 3,30 a well-based RPPA is a non-denatured protein array and a quantitative and sensitive assay for protein lysates extracted from FFPE tissues. The AKT signals of 70% ethanol-and NBF-fixed tissues were little less at 6 months of storage than they were at 1 day (70% ethanol and BE70; 36.93% and 48.41% decreases, respectively; Fig. 5A ). Similarly, BE70-fixed tissues showed little decrease in GAPDH signal at 6 months of fixation (39.12% less than at 1 day, p<0.001). Surprisingly, the GAPDH signal in the 70% ethanol-fixed tissue was well-preserved until 6 months of fixation (Fig. 5B) . However, NBF-fixed tissues showed considerable decreases in both AKT and GAPDH signals after 1 week of fixation (all p<0.001; Fig. 5A and B) .
Next, we explored quantification methods such as the traditional Western blot. The AKT signal was normalized to GAPDH expression, and the relative AKT/ GAPDH expressional signal of each entity was normalized to BE70-fixed tissue at 1 day (1.00). The AKT/ GAPDH signal had minimal changes from 4 hr to 6 months of fixation, whereas this ratio signal significantly increased after 1 month of fixation (all p<0.001) in NBF (Fig. 5C ).
RNA Quantity and Quality After Long-Term Storage Under Different Fixative Conditions
We assessed the quantity and quality of the RNA extracted from fixed tissues in 70% ethanol, BE70, or NBF fixatives according to fixation times. RNA was successfully extracted from all fixed mouse kidney tissues. The RNA extraction yield from BE70-fixed and 70% ethanol-fixed tissues did not undergo substantial changes until 6 months of fixation. The RNA recovery yield from BE70-fixed tissues (mean: 6.27 ± 0.331 μg/ (continued) (Fig. 6A) . The A 260/ A 280 ratio of BE70 (mean: 1.83) was similar to that of 70% ethanol (mean: 1.89) from 4 hr to 6 months. Meanwhile, there was a little decrease in NBF-overfixed tissues (from 3 to 6 months, mean: 1.69) in RNA purity as measured by spectrophotometer (data not shown). We also calculated the PERM number, a metric for FFPE-derived RNA quality. 32, 33 As shown in Fig. 6B , RNA extracted from BE70-fixed tissue at 1 day (mean: 114.96) showed the greatest PERM value among the tested fixation conditions. In detail, the BE70 fixative had greater values of PERM than 70% ethanol until 1 week of fixation, but there is no significant difference between BE70 and the 70% over-fixed conditions (from 1 to 6 months). Furthermore, the PERM number of BE70 was significantly less in long-term-stored fixations (from 1 to 6 months; Fig. 6B, right panel) . As expected, the NBF had the lowest PERM number (mean: 24.51), with a significant decrease in long-term-stored NBF (both 3 and 6 months; Fig. 6B ).
Furthermore, we performed quantitative real-time RT-PCR using primers detecting ACTB and IGF1 transcripts to evaluate RNA integrity. The endogenous control ACTB generally had lower Ct values ( Fig. 6C and Supplementary Fig. S2 ). The ACTB showed lower Ct values in BE70-and 70% ethanol-fixed tissue samples than in the NBF-fixed tissue specimens (Fig. 6C) . The Ct value of ACTB in BE70 was lowest for 1-day storage (mean: 24.07) among the tested fixation periods, with little increases in Ct values for long-term storage conditions (from 1 to 6 months). In addition, the results for 70% ethanol were similar to those of BE70. The Ct values for ACTB were significantly greater in samples generated from long-term-stored NBF (Fig. 6C) . The Ct values for IGF1 showed a similar pattern to that of ACTB (Supplementary Fig. S2 ). These data suggest that RNA integrity was more protectively retained in BE70 fixative than in NBF fixative.
DNA Quantity and Quality After Long-Term Storage Under Different Fixative Conditions
DNA extraction yield was similar in all three tested fixatives (70% ethanol, BE70, and NBF; mean: 2.40 ± 0.274, 2.80 ± 0.326, and 2.88 ± 0.291 μg/mm 3 , respectively), regardless of fixation periods (Fig. 7A) . In addition, the quality of the isolated DNA was determined using values indicating co-purification of protein (A 260 /A 280 ) with a spectrophotometer (data not shown). The ratio of BE70-fixed tissue (mean: 1.841) was similar to that of 70% ethanol (mean:
1.849) and NBF (mean: 1.801). Then, we further evaluated DNA quality using a Bioscore Screening and Amplification Kit. 33, 34 DNA extracted from 70% ethanol-and BE70-fixed mouse kidney tissues was successfully amplified and was revealed to be high-quality DNA for nucleic acid analysis. As expected, DNA was as well-preserved within 70% ethanol until 6 months of fixation (mean: 10.63 ± 0.551 μg) as it was at 1 day of fixation (mean: 11.99 ± 0.305 μg), whereas there was little diminution of amplified DNA amount at 1 month (mean: 9.76 ± 0.505 μg, p<0.05), 3 months (mean: 8.57 ± 0.251 μg, p<0.05), and 6 months (mean: 6.05 ± 0.136 μg, p<0.01) in the BE70-fixed tissue compared with its level at 1 day of fixation (mean: 12.12 ± 0.614 μg). However, the DNA prepared from NBF-fixed tissues at 1 day of fixation (mean: 4.98 ± 0.135 μg) was of intermediate quality for the microarray application (Fig. 7B ). In addition, the DNA amplification of NBFfixed tissues rapidly dropped at 1 month (mean: 1.47 ± 0.110 μg), 3 months (mean: 0.89 ± 0.056 μg), and 6 months (mean: 0.69 ± 0.017 μg) (Fig. 7B) . These data suggest that DNA within the BE-70 fixative is well-preserved, as with 70% ethanol, while DNA within NBF rapidly fragmented.
Discussion
In this study, we have evaluated fixation time, comparing crosslinking and coagulative fixatives with the comparators of NBF to 70% ethanol and our recently described fixative BE70. 6 To the best of our knowledge, the present study is the first comprehensive assessment of fixation time, analyzing histology, protein, and RNA and DNA quality. The origin of this study comes from an inquiry concerning fixation time made during review of the manuscript describing BE70. We had previously published data on fixation time across a limited time frame in NBF, 3 but only evaluated RNA quality. The results of our present study confirm previous findings: RNA is substantially more sensitive than protein, which is more sensitive than DNA as a preanalytic variable, and both under-and overfixation can negatively impact the quality of a bioanalyte. We also revealed a number of previously unappreciated findings: There are substantial differences between coagulative and crosslinking fixatives with reference to fixation time, different assays for the detection of proteins in paraffin-embedded tissues have different characteristics, and a normalization approach using a housekeeping gene or an internal control protein in a quantification mode may be misleading if the tissues being examined have not been uniformly fixed and/or processed. suggesting that tissue is stable with reference to bioanalytes in ethanol-based fixatives for prolonged periods of time. 7 However, the data that coagulative fixatives work in less than 24 hr is surprising. From a mechanistic perspective, this is anticipated by Fox, 16 who describes an alcohol wave, followed by a clock reaction of crosslinking. The availability of shorter fixation times has substantial implications, as they allow a change in standard operating protocol in a clinical setting. The current clinical recommendation 35 for NBF is 24 hr, plus or minus 8 hr. Many institutions have attempted to shorten NBF fixation times to enable next-day results. Although shorter fixation times have resulted in frequently adequate histopathology and allowed the detection of hormone receptors in breast cancer, 36 immunohistochemical results have been negatively impacted when they are attempted with NBF. 4, 23 Prolonged fixation presents similar challenges to NBF.
Our present study findings, based on statistical differences in the analytes analyzed, suggest a fixation window of 4 hr to 3 months for BE70 and 12 hr to 1 week for NBF. As our current data demonstrate, there is some individual analyte specificity, as measured by immunohistochemistry, to these times. Defining a window of fixation times is challenging. The use of different antigen retrieval protocols is suggested to overcome these issues. 21, 22, 35 Thus, the establishment of an optimal fixation time for BE70 needs to be further studied, using an extensive range of antibodies to guarantee an accurate evaluation of prognostic and predictive biomarkers through immunohistochemistry.
The results of our evaluation of protein quality by immunohistochemistry and the Western blot were surprising. The results of immunohistochemistry suggest a wide window for fixation (Figs. 2 and 3) , whereas the Western blot data (Fig. 4A and B) , and more specifically measurements based on ratios, suggest a substantially narrower window. Given this discrepancy, we used a protein array-based approach to investigate further (Fig.  5) . The protein array data generally mirrored those for immunohistochemistry, as we hypothesized. We speculated also that the difference between the assays is based on the fact that immunohistochemistry and protein-array-based assays only require the epitope to be intact and that the integrity of the entirety of the entire protein is not required. By contrast, a successful Western blot assay is dependent on the presence of a full-length peptide. Damaged and degraded peptides will not migrate at the correct molecular weight. Although the epitope may be present, if the fragments are of diverse molecular weights, they will have an insufficient signal and be detected as smears by conventional detection methodologies. These findings suggest that the loss of antigenicity as detected by immunohistochemistry is the result of peptide degradation, rather than "masking" due to additional crosslinking. Attempts to normalize the results of the Western blot to match those of the immunohistochemistry or protein array suggested that degradation was logarithmic, which was not surprising, considering our prior studies of degradation of proteins in stored blocks. 28 It was also tied to the molecular weight of the protein being detected. Clearly, the position of the epitope in the peptide may have some impact as well. Importantly, these data suggest proteins measured by Western blotting of FFPE tissue, and more specifically those which are normalized to a housekeeping gene, may give spurious results if the fixation time is not controlled or known.
In a prior study, we published concerning biomolecule degradation, 28 we evaluated 12-versus 24-hr fixation times with NBF and compared them with tissue processing time of 4 versus 8 hr. In that study, the difference in fixation time was not noted to result in a difference in biomolecule stability as measured by AQP1 IHC. These results are confirmed by this study, and emphasize the interaction of fixation time and processing conditions in biomolecule stability.
Advanced molecular technologies, requiring highquality nucleic acids, have offered insight into pathogenesis and prognostic/predictive factors in the context of personalized medicine. However, the recovery of nucleic acids from FFPE tissue remains challenging, with low recovery and poor quality of what is recovered. Alcohol-based fixatives may provide high quality and sufficient quantities of DNA, which are appropriate for whole-genome amplification or methylation assay. 37 They also can be used for the expression profiling of microdissected areas, 38 which need to have a wellpreserved morphology and high quality of RNA. We similarly confirmed in our present analysis that the Ct values of ACTB (Fig. 6C ) and IGF1 ( Supplementary  Fig. S2 ) were significantly lower in BE70 than in FFPE specimens. In the present study also, we recovered high yields and pure DNA from BE70 tissues (Fig. 7) . Furthermore, the effects of BE70 fixation on nucleic acids preservation are relatively time-independent.
In summary, our current findings have demonstrated that coagulative and crosslinking fixatives have different windows of optimal fixation, and these windows depend on the bioanalyte. Coagulative fixatives offer a substantial benefit, providing a wider window for fixation time, and the potential for shorter optimal fixation times.
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